INTRODUCTION
The literature of the psychological effects of brain injury is extensive and disconnected. It abounds in inadequate definitions, incompatible theories and disagreements as to appropriate methods of investigation. This situation results partly from the variety of disciplines which guide different investigators; but it results too from the great logical difficulties encountered by anybody who seeks to throw light on normal intelligent behaviour by studying the effects of cerebral lesions. Some have even argued that such attempts are always unprofitable (47, 77) .
A comprehensive descriptive review of this work would probably reproduce this confusion in the reader's mind. This article aims at avoiding such a result and is concerned with imposing some kind of order on a disordered field of enquiry. The review is not intended for research workers in need of an up-to-date catalogue.
It is intended primarily for psy chiatrists but in general to provide an outline, together with some evaluation, of the present state of research in this branch of neuro psychology: its methods, its achievements and its main problem areas. The emphasis is on recent advances rather than on recurring set backs, on converging lines of evidence rather than on seemingly contradictory results. The material for review has been selected according ly. In general the work referred to is either that which may most readily be interpreted or that which appears to raise the most important problems. There is as much interpretation as flat description, since unless some attempt at synthesis is made the work reviewed cannot be seen as a whole.
This procedure cannot, however, be followed with impunity. The reviewer's opinion of what is important and what is interpretable is always a source of bias, but especially so when coher ence is sought in places where disconnections are more obvious. What follows may, therefore, give a more favourable impression of the definitiveness and promise of work in this field than some previous reviews, and may also be more clearly stamped with the reviewer's habits of thought.
Although the first concern of this article is the effects of cerebral lesions in man, frequent comparisons are made between human and animal studies where this is thought to assist explanation.
Throughout the review more attention is given to recent work than to early work, and problems are discussed not so much in relation to their historical origins as in relation to current research intentions. Work is discussed from three standpoints. Firstly, the better known syndromes of intellectual disability are evalu ated in the light of present evidence. In this section neuro-psychology is seen from the clinical standpoint. Next, evidence is discussed which bears on the comparative functions of the two hemispheres and on functional specializa tion within the two hemispheres. This may loosely be described as the physiological approach.
Finally, neurological evidence is discussed in relation to the nature of intelli gence. This is usually regarded as a psycho logical problem, but the issues involved provide a good illustration of the need for a term such as â€oe¿ neuro-psychologyâ€•.
Ti@ PRESENTSTATUSOF WELL-KNOWN

SYNDROMES OF INTELLECTUAL DIs@rnLrry
DYSPHASIA AND HANDEDNESS
The early reports of an association between These cases of â€oe¿ crossed aphasiaâ€• (24) were, however, usually dismissed as exceptional and explained either in terms of ambidexterity or in terms of a shift of lateral dominance for language, resulting from learning to write with the right hand.
Today the traditional theory of right hemi sphere dominance for language in sinistrals can no longer stand, and there is strong evidence that among people who are generally regarded as left handed dysphasia more often results from a left than from a right hemisphere lesion. Zangwill's recent analysis of the literature revealed that 24 of 54 sinistrals with left hemi sphere damage and 13 of 39 with right hemi sphere damage suffered a severe and persistent dysphasia (262) . If this analysis is expanded to include studies between 1935 and 1962 which claim to report the laterality of lesions in an unselected series of left-handed aphasics (28, 34, 42, 52, 58, 72, 97, 113, 192, 252, 255) we arrive at a total of 8o left-handed aphasics with left hemisphere lesions and 38 left-handed aphasics with right hemisphere lesions. It should be noted that some of the studies summarized here do not include control data from right-handed patients or data as to the number of left and right hemisphere cases from which the aphasic sinistrals were drawn. How ever, although it cannot be assumed that left and right hemisphere lesions occur with equal frequency (103, 201) , the disproportion is certainly not in the ratio of 2 to i. Furthermore, the three most recent and longest series which include data for dextrals show that something less than 2 per cent. of right-handed aphasics have a right hemisphere lesion (28, 52, 192) .
Although there is now little doubt that dysphasia in sinis@rals occurs more frequently with left than with right hemisphere lesions the interpretation in terms of cerebral dominance is not straightforward. The main problem which is still disputed is whether language functions in sinistrals are usually unilaterally or bilaterally represented. Ettlinger ci al. (@7) have argued that negative cases (involving damage to the â€oe¿ language areaâ€• of either hemisphere without dysphasia) mean that â€oe¿ strictlyunilateral repre sentation of speech must therefore occur in some sinistrals at leastâ€•. This argument finds strong support from the results of the @intra carotid amytal test (243) . Milner (in a personal communication) has shown that in most sinistrals in her series transitory aphasia is produced only by injection on one specific side. Only 4 of her 5! sinistrals and 6 of her 20 ambidexters could be made aphasic indifferently by an injection of either hemisphere. In the remainder aphasia resulted from injection of one hemisphere but not the other. Nevertheless every one of 48 right handers investigated with this technique could be made aphasic only by injection on one specific side. This suggests that bilaterality for language is probably more common among sinistrals than dextrals, although exceptional in both.
On the other hand HÃ©caenand Piercy (103) found that the incidence of paroxysmal dys phasia was much higher in sinistrals and ambi dexters than in dextrals, irrespective of the side of the epileptic focus. Since in sinistrals with epileptic auras or equivalents the incidence of paroxysmal dysphasia was about 8o per cent. for both left and right hemisphere cases, they concluded that in many of these cases language was bilaterally represented.
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THE EFFECTS OF CEREBRAL LESIONS ON INTELLECTUAL FUNCTION
Moreover studies of recovery from aphasia (i@g, 227) There is an apparent conflict of evidence between the incidence of dysphasia with chronic lesions on the one hand and data regarding rate of recovery from aphasia and incidence of paroxysmal dysphasia on the other hand. The first is often taken to indicate left hemisphere specialization for language in sinistrals; the second is often taken to indicate ambilaterality for language in sinistrals. It is probable that the conclusions drawn from each set of data are too general. The term â€oe¿ dominanceâ€• is probably too inclusive to accommodate the facts re garding language organization in sinistrals. Zangwill (264) has criticized the imprecision of the term and Weinstein and Sersen (249) think it should be abandoned.
Implicit in the disagreements regarding the neurological status of sinistrals is the notion that language must be either in one hemisphere only or else equally in both hemispheres. If this notion were abandoned then there is no special reason why chronic and paroxysmal cerebral disturbances should not produce rather different effects, and no reason why the difference between dextrals and sinistrals should not be more apparent in the rate of recovery from aphasia than in its overall incidence with unilateral lesions.
In summary of the evidence we may agree with Goodglass and Quadfasel (72) that left handedness is distinctly more common than right hemisphere specialization for language, but disagree with Penfleld and Roberts (192) that there is no relationship between handed ness and language laterality. We may also agree with Zangwill (262) that handedness is related to rate of recovery from aphasia and to a much smaller extent to the degree of unilateral specialization for language. We may also add the suggestion that when both hemispheres are involved in language organization, dysphasic symptoms are somewhat more likely to result from an acute unilateral disturbance on either side (as in the amytal test or paroxysmally) than from a chronic lesion.
Types of Dysphasia
The problem of classifying the various forms of dysphasia is a special instance of the general difficulty of classifying organic intellectual disability. Normal language functions, like normal intelligence, are poorly understood in their physiological aspects; and language dis turbance, like intellectual disturbance generally, takes various phenomenological forms which at present can only loosely be associated with dysfunction of particular cerebral areas.
In this field of enquiry there has been an abundance of theories, systems of classification and related symptomatic nomenclature. It is beyond the scope of this review to discuss these, and they have been comprehensively described elsewhere (23, 192, 252) , but a general indica tion may be given of the ways in which the problem has been tackled.
The two extreme approaches to dysphasia reflect respectively the unitary and the separate abilities approach to intellectual disturbance. The separate abilities school is seen in the work of those whom Head (86) A study with more direct bearing on types of aphasia was carried out by Brown and Simonson (28) . They abandoned most of the terminology and suppositions regarding aphasia built up over the last hundred years and simply examined the location of lesions giving rise to disorders of speaking, listening, reading and writing in a series of ioo cases with some form of language disturbance. Only 9 of their i oo cases had defects limited to one of these 4 functions and the defect was slight in each of these. Sixteen had involvement of two com ponents of language and 14 had involvement of two components. The remaining 61 had involve ment of all four language components. Patients with predominant defects in reading more frequently had a hemianopia and comparatively small lesions in the posterior temporo-parietal or anterior occipital regions. Defects in speaking or writing or both were associated with lesions implicating the mid-temporal or anterior parietal region in 95 per cent. of cases. Many of the patients with defects of listening had severe impairment of all four components, and in this group with â€oe¿ global aphasiaâ€• the lesions were usually large and usually involved the mid temporal or anterior parietal region. Associated neurological signs were more severe in this than in other groups of cases. Casey and Ettlinger (@i) reported on 35 cases with language disorder observed in a series of 700 unselected neurological patients. Only one case had dyslexia or dysgraphia with out other language disturbance but in four cases dyslexia and dysgraphia were more severe than other dysphasia. As these authors point out, speech is more vulnerable than reading or writing as judged by the incidence of these defects, and cases with more dyslexia than dysphasia cannot therefore be accounted for in terms of an â€oe¿ order of fragilityâ€ • (232 Generalized claims about the intellectual nature of aphasia should therefore be regarded with some caution. In comparing aphasics with brain-injured non-aphasics one is not merely examining the consequences of the language disability; one is also comparing the effects of damage to one group of cerebral structures with the effects of damage to another group.
Unless special precautions are taken, generali zations about the intellectual consequences of dysphasia will not be justified. Such generali zations should properly concern the various psychological deficits other than dysphasia which result from lesions in the so-called language areas. Apparent associations between dysphasia and other symptoms may well result from overlapping anatomical representation rather than from the nature of dysphasia.
There is plenty of evidence that dysphasics are usually impaired on language intelligence are frequently impaired on non-verbal tests. Head (86) drew attention to the difficulties with spatial perception and representation which he observed in some aphasics. Since Head defined aphasia as a deficit of symbolic formulation and expression rather than specifi cally in terms of language, he was able to regard these disabilities as a manifestation of â€oe¿ semanticaphasiaâ€•. Weisenberg, Roe and McBride (253) were the first to present psycho metric evidence that aphasics, particularly those with â€oe¿ receptiveâ€• defects, tended to produce inferior performances on non-verbal as well as verbal tests. Hebb (89) made similar observations. However, these comparisons are merely between aphasics and normals, and do no more than establish that some, perhaps most, aphasics are somewhat impaired on other than verbal tests. These same authors, as well as others (12, 104, 105, 143, 147, 200) ,havepointed out that certain groups of non-aphasic brain injured patients perform considerably worse on non-verbal tests than aphasics. This type of non-verbal failure by aphasics is therefore far from being specific to aphasia or to lesions which result in aphasia.
Indeed the comparative superiority of dys phasics on non-verbal tests is cited by Reitan an independent deficit and not a manifestation of defective intellectual functions. Consistent with this line of thought is the point made by various writers that failure on non-verbal tests by aphasics may be due to inadequate com prehension of instructions. This argument however would seem to overlook the very simple nature of the instructions for most per formance tests and the self-evident nature of the task when, as is often the case, the test is pre ceded by a demonstration of what is required. Again, as Hebb (89) has pointed out, dysphasics do not characteristically fail absolutely on performance tasks; they usually succeed on the easier items, presumably understanding what is required of them, but fail as the difficulty increases.
More persuasive is the suggestion that dysphasics may do badly on performance tests because success is aided by implicit verbalization of the intellectual operations leading to a solu tion. However, the attempt to devise a test which does not depend on verbal mediation in order to test dysphasics' non-verbal ability is probably logically barren. As Benton (i 7) has suggested, one of the best ways of ensuring that a test does not depend greatly on verbal mediation is to use a test on which dysphasics do as well as non-dysphasics. HÃ©caen and Angelergues (2), but since they had only 9 cases of ideational apraxia from unilateral lesions comparisons cannot be inter preted with any confidence.
The symptom of a psychological kind most commonly associated with ideational or ideo motor apraxia in this study was aphasia. This was observed in 90 per cent. of both kinds of apraxic case. It is however notable that 9 of the II ideational apraxics, but only i8 of the 47 ideomotor apraxics, showed obvious confusion or intellectual deterioration.
Unilateral Ideomotor Apraxia
The type of apraxia discussed above is usually bilateral and the disability does not depend on the hand tested. However, in the early literature some unilateral cases were reported, more frequently on the left than the right side of the body. A favourite explanation of the left sided apraxia was that a lesion of the corpus callosum severed the link between a conceptual centre in the left hemisphere and a more peri pheral executive centre in the right hemisphere. This explanation has recently been criticized by HÃ©caen and Gimeno Alava (101) in a review of unilateral apraxia. On the basis of a survey of the literature and five cases of their than it was when these terms came into general use early in this century (i@4, 135). There is â€¢¿ disagreement as to the site of the responsible lesion and also as to the reality of a distinction between ideomotor and ideational apraxia. The roles of general intellectual impairment and of aphasia are similarly unknown.
There appear to have been only three quantitative studies of the incidence of apraxia [May own these authors conclude that, although the great majority of cases involve the left and not the right hand, the responsible lesion may be either right or left sided and may be either frontal or parietal. In only one case, however, did they demonstrate that the corpus callosum was not involved, and it must be admitted that the higher incidence of left unilateral apraxia is consistent with some form of disconnection between the hemispheres.
Denny-Brown (46) has introduced the notion of â€oe¿ adextrous apraxiaâ€•, and describes patients (and experimental monkeys) in whom frontal lesions result in a disorganization of movements of the contralateral hand owing to a grasp reflex and associated instinctive approach tendencies, and also patients in whom a parietal lesion results in similarly disorganizing avoid ance movements of the contralateral side of the body. He sharply distinguishes these â€oe¿ physio logicalâ€• reactions from the defects of symbolic function implied by bilateral or â€oe¿ agnosicâ€• apraxia, which he considers always to be associated with a dominant hemisphere lesion. Zangwill (263) has questioned the usefulness of this distinction between physiological and psychological apraxic disturbance, and HÃ©caen and Gimeno-Alava (ioi) have pointed out that Denny-Brown's formulation of unilateral apraxia completely neglects its preferential association with the left side of the body irrespective of the side of the lesion.
The corpus callosum theory of left-sided apraxia has recently been revived by Geschwind and Kaplane (67). These authors' interpretation arises directly from the work of Myers (i8o), Sperry (220, 22 i) and others which showed that section of the corpus callosum in animals may result in a dramatic dissociation of function between the left and right cerebral hemispheres for certain forms of learning. Geschwind and Kaplane reported a patient who could write and obey commands with his right hand but not with his left, could verbally identify objects palpated with the right hand but not the left; he had no difficulty in matching objects and letters using the left hand only, but matching broke down when test objects were placed in one hand and matching with the other hand was requested. The authors describe this patient as a case of â€oe¿ cerebral deconnectionâ€• and explain his behaviour in terms of the two hemispheres functioning largely independently. Although the corpus callosum was thinned, there was massive involvement of the left hemisphere by tumour. The symptoms cannot therefore readily be interpreted in terms of the site of the lesion, but they are sufficiently concordant with what has been observed in split brain animals to compel attention and to suggest the need for com parable testing of further cases. The greatest obstacle to the corpus callosum theory of apraxia (and also of dyslexia (66)) lies in the negative observations of Akelaitis (3,@, 5) on patients undergoing surgical section of the corpus callosum for epilepsy or psychosis. This work is often cited as a demonstration of the irrelevance of the corpus callosum to apraxia and alexia, but it should not be accepted un critically. It is true that most of these patients showed no apraxia after corpus callosum section, and it is true that Akelaitis concluded that corpus callosum section does not cause dyspraxia. But the section was not complete in two-thirds of the patients tested for apraxia, and in 4 of the 7 cases with complete section some unilateral dyspraxia was present post-operatively which was not present pre operatively.
In the study concerned with visual stimuli (3), although no dyslexia was elicited, it is not clear that the reading material was confined to the left half field, since no tachistoscope was used and no data are presented regarding control of eye movements; nor is the precise manner in which stimuli were presented described.
Constructional Apraxia
What is referred to here as constructional apraxia has been variously defined, variously named and the source of conflicting theories. This semantic muddle arises from the observa tion that some patients encounter extra ordinary difficulty when they are required to use materials or a pencil to make or to copy something. They fail to copy simple pencilled designs, to draw from memory or to assemble blocks from a model, and they fail on tasks of the jig-saw type. Constructional apraxia, which
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fragile functions may however be impaired without associated loss of less fragile functions. Such a relationship could well obtain between constructional apraxia and apraxia for dressing, when the latter is not directly determined by neglect of the left side. In Ajuriaguerra, HÃ©caen and Angelergues' series (2), constructional apraxia was four times as frequent as apraxia for dressing, but 92 per cent. of the @ i cases of dressing apraxia also had constructional apraxia.
The notion of order of fragility will not how ever explain the comparative incidence of ideomotor apraxia and constructional apraxia, since although constructional apraxia occurs four times as often as ideomotor apraxia nearly 30 per cent. of ideomotor apraxics do not have constructional defects (2). Secondly there is a possibility that the same behavioural defect can be independently caused by different functional failures. On present evidence this has to be considered as a possi bility at least for dressing apraxia and for constructional apraxia (96, 150, 194) .
The various forms of apraxia can, therefore, be regarded as having some degree of functional independence from each other. This is clearest where different lesions (e.g. frontal and parietal) produce different kinds of dyspraxia (e.g. uni lateral â€oe¿ adextrous apraxiaâ€• and ideational apraxia); but partial independence may still be inferred when two forms of dyspraxia result from the same lesion, provided there is evidence that the occurrence of the less frequent form does not necessarily entail the occurrence of the more frequent form. Partial mutual indepen dence of this kind is exemplified by ideomotor apraxia and constructional apraxia.
AGN05IA
Visual object agnosia is traditionally under stood as a failure to recognize objects by sight in the absence of field defects or dementia sufficient to account for inadequate visual per ception. The term â€oe¿ agnosiaâ€• was proposed by Freud (62) but the condition had been described earlier than this (,,@, 137). As Head (86) pointed out, visual field defects were almost always present in such cases, and this fact, together with the dementia which was fre among patients with post-Rolandic lesions has an incidence about four times as great as ideo â€¢¿ motor apraxia (2) was nevertheless not reported as an independent symptom until somewhat later (86, 122, 196, 198, 226) . It has, however, stimulated more research than other forms of apraxia, and the problem areas are now better defined. It is now clear that failure on con structional tasks under visual control occurs more commonly and takes a more severe form with right than with left hemisphere lesions 
Apraxia for Dressing
Apraxia for dressing has attracted general @ notice only since Brain's (22) description. The majority of such cases also have constructional disability (2) to which the dressing apraxia may well be secondary, but some cases have been reported (22, 95, 107) in which constructional disability is absent. In these cases neglect or imperception of the left side of the body is â€¢¿ frequently reported (96), and there is a strong possibility that some cases at least are fully â€¢¿ accounted for by this unilateral perceptual defect. Indeed there is little reason to regard â€¢¿ apraxia for dressing as an independent dis ability, and most cases can be regarded as secondary either to constructional apraxia or â€¢¿ to unilateral imperception. The search for this rare symptom was greatly encouraged by Munk's early (i 75) observation that comparatively small bilateral ablations of the dog's occipital cortex resulted in failure to respond appropriately to the sight of common objects, including food, although the animal could move about and avoid obstacles normally. In more recent years difficulties in visual recognition and learning have been demon strated in monkeys with bilateral temporal lesions (2!, 35, 123, 124, 167, 171, 203) , and these defectsof visuallearninghave been distinguished from somewhat similardefects resulting from lateral occipital lesions (257). Wilson and Mishkin concluded that the occipital region in monkeys subserved mainly receptive functions and the temporal region mainly integrative functions although both regions to some extent subserved both types of function. No comparable temporal lobe defect has been demonstrated in man, although there is some evidence that right temporal lesions may result in comparative difficulty in inter preting complex pictures (143, 162), and in perceiving unfamiliar visual patterns (120).
Recently a fresh challenge to the concept of agnosia in man has come from the demonstra tion of subtle â€oe¿ primaryâ€• defects of visual reception which have been held responsible for the apparent cases of agnosia. Bay (i 3) describes methods of examining local adapta tion or â€oe¿ fading timesâ€• in different areas of the visualfield,and reportsabnormally rapid fadingin caseswith field defects even in parts of the field which appear normal to conven tional perimetry.
Using the fusion threshold for flickering light, Teuber and Bender have also demonstrated abnormal functioning in the seemingly intact parts of visual fields with homonymous scotomata (233). They also report similarly distributed defects of movement per ception and dark adaptation (234). Pollack, Battersby and Bender demonstrate similar effects for tachistoscopic thresholds of contour recognition (@j7).
It seems to be the case therefore that visual field defects following cerebral damage are usually, if not always, accompanied by other anomalies of visual function which may be found throughout the visual field, and that such primary defects may be common in apparent cases of visual agnosia resulting from occipital injury. Whether or not these anomalies are sufficient to account for the symptom, as Bay (i @)has insisted, and whether, as Teuber (230) has suggested, the term â€oe¿ agnosiaâ€• is best avoided are different questions. On the one hand, Bay has demonstrated that in the cases of supposed visual object agnosia which he studied, abnormalities were present on his tests of visual sensory functions. On the other hand, Ettlinger (@@) has shown that patients with visual spatial agnosia (which Bay also attributes to primary visual disturbance) do not perform consistently worse on these tests than those with field defects but without visual spatial disturbance. And in a report on a case with a defect in identifying objects visually but not by touch, Ettlinger and Wyke (6o) found no visual sensory defect sufficient on its own to account for the defect in recognition. How ever, they preferred to attribute the defect of recognition in this particular case to the com bined effects of confusion and visual sensory loss. Nevertheless, HÃ©caenand Ajuriaguerra (98) have described a case of defective recognition of objects and pictures and colours without appreciable confusion following left occipital lobectomy. This patient's ability to recognize faces was unimpaired, so that these experienced authors considered the defective recognition of objects to constitute a genuine instance of agnosia.
Undemented caseswith selective deficits of object recognition by vision are so rare that there is at present insufficient evidence to decide on the contribution of the subtle but diffuse sensory abnormalities accompanying field defects. However, the term agnosia is also commonly used to describe other selective defects of visual perception, such as inability to recognize faces (prosopagnosia), failure on tasks demanding explicit analysis of the spatial properties of a visual display (visual spatial agnosia) and difficulty in understanding pic tures. These defects occur sufficiently often to lend themselves to analysis of associated defects, and there is good hope that the contribution of sensory defects to these disabilities may soon be clarified. Ettlinger's study has already been mentioned. In a recent monograph on visual â€¢¿ out that the type of agnosia which occurs is related to the site of the cerebral lesion and that this relationship is not readily explained in terms of sensory loss. In particular they draw attention to the fact that left and right-sided posterior unilateral lesions result in different types of visual perceptive loss. Whereas agnosia for faces, for objects and for complex pictures is more common with posterior left hemisphere lesions than with posterior right hemisphere lesions, the reverse is true of visual spatial agnosia. They also argue that some agnosic defects are highly selective (e.g. prosopagnosia) and appear to cut across the more obvious parameters of sensory organization such as size, shape, brightness and movement.
Finally one must take account of data from â€¢¿ comparative neuropsychology. Cognitive defects specific to vision have been demonstrated in monkeys with lesions restricted to cerebral areas â€¢¿ remote from the visual â€oe¿ sensoryâ€• areas. Such defects cannot easily be attributed to sensory disturbance. Comparable defects in man would therefore scarcely be surprising, and might be â€˜¿ 4 expected to show greater variety and a higher degree of selectivity.
GERSTMANN'S SYNDROME
The combination of finger agnosia and agraphia was first claimed as a â€oe¿ syndromeâ€• in
1927
(64). Three years later the syndrome was enlarged to include rightâ€"left disorientation and acalculia and was described as arising from a unitary body image disturbance which was the consequence of destruction of a restricted region of the parietal cortex of the dominant hemisphere (65).
Both the specific neuropathological signifi cance of the syndrome and the functional relatedness of the four symptoms have been challenged. It is well established in the clinical literature that the four symptoms do not occur in obligatory association, and that one or more of the symptoms may be absent in individual cases (@, 126). Furthermore, one or more of the Gerstmann symptoms may occur in associa tion with various other parietal symptoms of an intellectual character, among them construc tional apraxia, dyslexia, aphasia, colour agnosia, Simultanagnosie (258), visual disorientation and general intellectual impairment.
Two further difficulties must be considered. Methods of testing for the four symptoms vary from one investigator to another and in many reports are not specified. Also in the case of at least two of the symptoms, there is reason to suppose that the deficit may result from more than one kind of functional loss. As Grewel (78) has pointed out it is difficult to sustain the notion of acalculia as a unitary deficit, since arithmetical failure may result from dis turbance of various functions. HÃ©caen (@) distinguishes three types, including one usually resulting from a right hemisphere lesion. Dysgraphia also may arise either primarily from an intrinsic language disturbance or primarily from a dyspraxia, and, as Critchley (@) has observed, either form may occur in association with the other Gerstmann symp toms. This looseness of symptom definition greatly widens the limits within which cases can fall and still be classified as a Gerstmann syndrome. Benton (i6) is probably right in urging that once the syndrome has achieved public recognition other accompanying defects are likely to be given less emphasis, whilst the absence of one or more of the four symptoms is too readily explained as a forme fruste of the syndrome.
What then, other than custom, endows the four Gerstmann symptoms with the status of a syndrome? There are two main ways in which It may also be noted that in Kinsbourne and Warrington's report (12 i) of i 2 patients selected for Gerstmann's syndrome (in complete form in 9 cases) the lesion was bilateral in 6 cases and right sided in 3 cases. One of the 2 left-sided cases also had â€oe¿ moderatelysevere generalized intellectual deteriorationâ€•. Only one case had a unilateral left-sided lesion without significant generalized intellectual deterioration.
Benton (i6) examined the intercorrelations of tests of the four Gerstmann symptoms and of three other â€oe¿ parietalâ€• abilities (constructional ability, reading and visual memory) in i oo un selected brain-damaged patients.
He found that the correlations of the Gerstmann abilities with each other were no higher than the correla tions between these abilities and the three abilities irrelevant to the syndrome. As Benton admits, it might be objected that the association of the Gerstmann symptoms obtains only in the case of parietal lesions and that such associations would be greatly diluted by the inclusion of non parietal patients. In a separate analysis of the performance of 12 patients with left parietal disease, Benton showed that constructional praxis, reading and visual memory were as closely related to the elements of the Gerstmann syndrome as these elements were to each other.
Different studies of normal and subnormal children
give confficting results as to the association between ability at arithmetic and finger localization (18, 225, 256) . However, in both normal and subnormal children a signifi cant relationship between rightâ€"left discrimina tion and finger localization remains even after the influences of physical and mental age have been eliminated (i@, 15) . It is also noteworthy than in Benton's correlational study of ioo brain-injured patients (i 6), the highest cor relation among the 7 abilities studied was between rightâ€"left discrimination and finger localization.
The Gerstmann syndrome controversy re mains unresolved for lack of a sufficiently extensive investigation. Meanwhile thereisno compelling or even persuasive evidence thatthe four symptoms possess a functional unity which they do not share with other parietal symptoms. A plausible Grundstorung does not advance the argument.
What is called for is a cor relational and pathological study of a fairly large series of cases, preferably selected by lesion only. Such a study would include tests for both Gerstmann and non-Gerstmann abilities.
FUNCTIONAL DIFFERENCES BETWEEN THE
HEMISPHERES
Lesions restricted to the left hemisphere frequently result in psychological deficit which differs in some respect from that produced by a corresponding lesion in the right hemisphere. The association in almost all right-handed people between dysphasia and a lesion in volving the left hemisphere has been known to neurologists for over a century and today is never seriously questioned. Similarly, most of the syndromes discussed above are usually thought of as left hemisphere syndromes. To some extent therefore the two hemispheres function asymmetrically and problems im mediately arise as to the nature of the functional links between the two hemispheres. It should be remembered that the relationship which obtains between bilaterally corresponding regions may 
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.v A well differ from one part of the brain to another and that it may be misleading to assume that the relationship between the two hemispheres can be described in terms of any single principle.
Before examining evidence bearing on the relationships between the hemispheres, the more obvious possible modes of interaction may be stated, to provide a rough theoretical frame of reference. Firstly, bilaterally cor responding regions might be concerned exclusively with stimuli and responses on the contralateral side of the body. A unilateral lesion would then produce a deficit (sensory, executive or intellectual) which was apparent only when the contralateral sideof the body was tested. The locus but not the nature of the â€¢¿ defect would vary accordingto the sideof the lesion. Secondly, a lesion on one side might pro duce a functional change indistinguishable from that produced by a similar lesion in the other hemisphere. In this case, if two bilaterally symmetrical lesions have a simple additive â€¢¿ effect such that the bilateral lesion produces an effect greater in degree than that of either unilateral lesion but not qualitatively different, then one is dealing with a special instance of Lashley's principle of mass action. Lashley showed that in rats maze learning ability is impaired in proportion to the extent of the lesion and not in relation to its locus (129).
A third possible mode of interaction between the hemispheres is that of simple duplication of â€¢¿ function. One hemisphere, or part of a hemi sphere, would replicate the function of the other without, in the intact organism, increasing its efficiency. Under these conditions a lesion to one hemisphere would produce no deficit, since ordinate and hasno otherfunction notpossessed by the dominant hemisphere. This is the formula traditionally applied to the two hemi spheres in relation to language. A lesion in the dominant hemisphere would result in marked deficit, whilst a lesion in the subordinate hemi sphere would produce only a trivial deficit and no deficit not produced by a dominant hemi sphere lesion.
Finally, there is the possibility that some bilaterally corresponding brain regions have qualitatively different functions. In this case, the nature of the defect is contingent on the side of the lesion. Patients with a left hemisphere lesion would fail on task A but not on task B. Patients with a corresponding right hemisphere lesion would fail on task B but not on task A.
Teuber (229) has insisted that such â€oe¿ double dissociationâ€• of symptoms is the most reliable criterion for the demonstration of a difference in the functions subserved by two cerebral regions. The mere association of a deficit with a lesion in one locus but not the other is insufficient to prove a qualitative difference in function, since this result could equally be explained by a hierarchical relationship between the two areas.
ANIMAL STUDIES
During the last decade experimental work on animals has done much to advance an under standing of interhemispheric integration, and a discussion of the problem in humans must take some account of this work. The relevant animal work is that which compares the effects of unilateral and bilateral lesions and that which examines the possibility of transfer of learning from one hemisphere to the other.
It has been repeatedly shown that bilateral frontal lesions in dogs or monkeys will result in incapacity on the delayed response type of test and the minimal sufficient lesion is now con sidered to be in the region of the sulcus principalis (20, i68, i@p@ Considered alone these results suggest dupli cation of function in the two hemispheres with respect to the behaviour studied. A bilateral lesion produces gross deficit. A unilateral lesion produces no discernible loss. However, the ingenious experiments of Ettlinger (@) and of Mishkin (169) introduce a complication into this formulation.
Ettlinger demonstrated that monkeys with a unilateral infero-temporal lesion do show a moderate deficit in visual discrimination learning if the visual imput is restricted to the damaged hemisphere by cutting the contralateral optic tract. Animals with the infero-temporal lesion on the same side as the tract lesion show no such deficit. This suggests that each infero-temporal region is specially concerned with the analysis of visual informa tion from the contralateral field and cannot deal so efficiently with visual information which has been relayed from the other hemisphere. It is notable that the visual discrimination learning of an animal with a right infero temporal and a left tract lesion deteriorates further if the animal also undergoes left infero temporal ablation. It is thus apparent that the left temporal cortex was concerned with re learning the visual discrimination after right temporal ablation combined with a section of the left tract. Mishkin (169) obtained similar results by combining temporal ablation with contralateral ablation of striate cortex. It would seem that after unilateral temporal ablation the animal is unimpaired because the contralaterally homologous area maintains the function largely on the basis of visual informa tion from the contralateral visual field. This equipotentiality breaks down, however, when visual information is excluded from the intact hemisphere.
One of the limiting factors is probably the capacity of the corpus callosum and other commissures to transmit information from one hemisphere to the other. Recent work, particularly that of Myers, Sperry and Downer suggests that the role of the interhemispheric commissures is crucial to an understanding of the relative functions of the two cerebral hemispheres.
Normal cats and monkeys trained and over trained monocularly on a visual discrimination problem show immediate transfer of this learning when they are tested with the un trained eye, the trained eye now being masked. Animals in whom the optic chiasm has been split so that each eye projects uniquely to the ipsilateral hemisphere show similar interocular transfer, although their performance shows some decrement compared with normal animals. This has been shown for cats by Myers (176) and for monkeys by Downer (so). Animals that have undergone section of both the chiasm and the corpus callosum completely fail to transfer certain learned visual discriminations when tested with the untrained eye (so, 177, 222 Trevarthen (220, 24!). Using a differently polarized light filter for each eye, he succeeded in training the two hemispheres of split brain monkeys simultaneously on opposite discrimina tions. The apparatus was so arranged that throughout the training trials the correct choice was oppositely labelled for each eye. Following training, which proceeded smoothly, the independence of the two learning mechan isms could be demonstrated by testing each eye separately, the stimulus chosen depending on the eye (and hemisphere) tested. By rotating one of the polarizing filters through 9@0 after completion of training, both eyes could be presented with concordant stimuli and a con flict situation induced. It is of the greatest interest that under these conditions shifts in the stimulus chosen could to some extent be con trolled by restraining one hand and so forcing the use of the other to make the response of choosing between test objects and collecting the reward. The hand used for manipulation tended to enlist dominance of the opposite hemisphere for perception.
This animal work may now be summarized in terms of the possible modes of interaction referred to earlier. It appears that there is normally effective duplication of some intel lectual functions in the two hemispheres resulting from corresponding sensory input to both hemispheres together with commissural functional linkage. The hemispheres may, therefore, be regarded as equipotential with respect to each other except when the sensory input to one of them is interfered with. When this happens, the comparative weakness of the functional links between the hemispheres may be revealed, and it is seen that for visual learning each hemisphere is concerned pre dominantly with the integration of information from the contralateral half of the visual field.
But are two hemispheres no better than one? There is good evidence that a single hemisphere cannot so readily utilize sensory information from the ipsilateral side as from the contralateral have demonstrated that learning of different visual discriminations may proceed indepen dently in the two hemispheres in split brain @ preparations. It is even possible to train one hemisphere on a discrimination which is precisely the opposite of that sustained by the @ other hemisphere (177). An animal trained in @ this way will respond differently to the same stimulus in accordance with the eye, and @ hence the hemisphere, receiving the informa tion. The most elegant and convincing demon stration of this effect has been achieved by [May ciple to the brain from which the human has evolved. It is reasonable therefore to look for common features, even though some of these will be overlaid and modified in the human by more recently evolved mechanisms. What cerebral functions in man are organized after the animal model, with a high degree of equipotentiality between corresponding areas of the two hemispheres and with gross deficit resulting from a bilateral lesion but not from a unilateral one? Only one instance can at present be cited. A bilateral lesion of the infero medial aspect of the temporal cortex will usually produce a gross amnesic syndrome, whereas a comparable unilateral lesion usually will not. The most convincing evidence comes from Scoville and Milner's reports (210, 211). They reported on 8 patients submitted to bilateral ablation of the infero-medial temporal cortexin an attempt to relieve epilepsyor psychosis. Two patients with lesions extending 8 cm. posterior to the temporal tip exhibited post-operatively a profound and persisting anterograde amnesia together with a retrograde amnesia of up to 3 years. These patients, although able to give an adequate account of remote events and of above average intelligence on tests, were unable to retain new information for more than a few minutes. The condition closely resembled the Korsakoff psychosis in its psychological aspects, except that confabulation was less prominent. Six patients in whom the infero-medial temporallesion was lessradical showed more moderate defects of memory. The authors concluded that the degree of memory loss was correlated with the amount of hippo campal tissue removed bilaterally. Patients with bilateral lesions restricted to the uncus and amygdala showed no memory loss. Earlier, Grunthal (@i@) and Glees and Griffiths (69) had each reported a case of dementia with severe memory defect as the most prominent symptom associated with bilateral destruction of the hippocampus.
Unilateral temporal lobectomy for epilepsy has also occasionally resulted in a severe amnesic defect without other general dementia. Penfield and Milner (191) emphasized that individual differences in cere bral organization are to be expected. As with other biological data, these differences will occasionally be extreme. Single case reports can therefore never be accepted as evidence of a general rule. Single cases may demonstrate the occurrence of something previously con sidered impossible, but they do not invalidate conclusions based on more extensive work, except where these conclusions incautiously claim universality for a principle.
Victor et al. (242) have suggested that the memory defect may simply be proportional to the amount of hippocampus destroyed irrespec tive of the side of the lesion. This possibility cannot be dismissed, but at presentthereis rather better evidence for the suggestion of effective duplication of function in these two areas. Terzian and Orr's case of bilateral temporal lobectomy showed no memory defect after the left lobe was removed, but gross defect following additional removal of the right lobe Furthermore, Milner, Branch and Rasmussen (i66) have shown that the effect of an intra carotid injection of sodium amytal on short term memory in patients with temporal lobe epilepsy depends on whether the side injected is contralateral to the epileptogenic focus. Forty-seven patients were injected on both the left and right sides on separate occasions. Memory disturbance was observed 12 times. In u of these 12 patients the injection was contralateral to the epileptogenic lesion. In the one case of memory disturbance following injection ipsilateral to the lesion, the injection produced bilateral neurological signs. Memory disturbance did not depend on whether the left or right carotid artery was injected.
Like the failure of delayed response and of visual discrimination learning in animals, this memory defect inman isusually associated with these patients there was post-operative EEG -.@ evidence of damage to the temporal lobe of the unoperated side. They therefore concluded that â€˜¿ in these cases a destructive lesion was present â€¢¿ pre-operatively on the unoperated side and that the unilateral lobectomy completed the bilateral lesion.
In further papers (i 62, 163) Milner points out that only these two cases out of a series of over 100 unilateral temporal lobectomies showed the amnestic syndrome. This result, together with that of Scoville and Milner, strongly suggests (a) that a bilateral lesion involving the major part of the hippocampus and hippo campal gyrus is sufficient to produce the memory defect; (b) that in the majority of people the partial unilateral destruction of the hippocampus involved in the usual temporal lobectomy for epilepsy is not a sufficient lesion to produce the syndrome even in attenuated form. Walker (2i@) reported 4 cases of memory loss following unilateral temporal lobectomy, â€¢¿ but in no case was the evidence for both the unilaterality of the lesion and the selectivity of the memory loss convincing. Victor and co workers (242) report a case of severe memory loss associated with occlusion of both posterior cerebral arteries. At autopsy, the hippocampus was found to be extensively damaged on the left, â€˜¿ but on the right the only lesions considered relevant were small lesions in the hippocampal gyrus and in the anterior portion of the crus of the fornix. However, in this case there was also a bilateral hemianopia and damage to the â€¢¿ mammillary bodies and the splenium of the corpus callosum. Dimsdale, Logue and Piercy (@@) describe a patient showing severe and selective memory impairment following right temporal lobectomy, and it is of some interest that post-operatively this patient still showed EEG abnormalities on theright(operated) side butnoton theleft. Nielsen (183)also described a â€˜¿ @ severely amnesic patient who died from a recurrent astrocytoma oftheright temporallobe. â€¢¿ At autopsy the tumour was found to involve the right hippocampus and thalamus, the left hemisphere being intact.
Althoughitispossible thatthesyndromemay in some casesarisefrom a unilateral lesion, â€¢¿ these cases do not appear typical, and it must be
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[May a bilateral lesion and not with a unilateral lesion. It has been shown in animals that for both the delayed response and visual dis crimination learning the crucial cerebral areas can dealmore efficiently with sensoryinputto the same hemispherethan with sensoryinput to the contralateral hemisphere.So faras the reviewer is aware, the possibility that the same relationship applies to the function impaired by a bilateral hippocampal lesion in man has never been put to the test.
UNILATERAL DEFECTS
It is often assumed that in man sensory defects from a unilateral lesion are always strictly unilateral, but that intellectual defects from a unilateral lesion do not depend on the side of the body tested. Neither of these assump tions is fully sustained by the evidence. Semmes, Weinstein, Ghent and Teuber (214) have recently shown that, although right hemisphere lesions may produce sensory defect in the left hand but not in the right hand, left hemisphere lesions may produce sensory defect in either the right or the left hand. Also there are now several instances of intellectual disability which is elicited when one side of the body is tested but not when the other side is tested. These differ ences cannot be explained in terms of sensory defect.
The clearest instance of this comes from a study by Ghent, Weinstein, Semmes and Teuber (68). Men with unilateral brain wounds were trained separately for each hand on a series of tactile recognition tasks. On the first trials there was no difference between the hands in tactile recognition ability, but the hand ipsilateral to the injury improved with practice whilst the contralateral hand did not. This lack of im provement was not related to sensory defect in the hand or to the locus of injury within the hemisphere.
Nor did the effect depend on whether the left or right hemisphere was damaged.
A somewhat better known perceptual deficit which may occur unilaterally is visual dis orientation.
The cases of visual disorientation originally described by Holmes and Horrax (109) showed a bilateral disturbance, but uni lateral cases with or without an ambylopia have also been described (22, 202) . Cole, Schutta and Warrington (40) have recently reported two cases with some evidence to suggest that the unilateral disorientation, left sided in one case, right sided in the other, could not be attributed to hemiamblyopia.
It will be noted that both the unilateral defects described above and the hippocampal memory defect are consistent with symmetrical function of corresponding brain areas, although the first defect is unilateral and the second is not. Other intellectual defects with unilateral reference are for the most part not consistent with symmetricalcerebralfunctionand it is here that the distinctively human patternof organization becomes apparent.
Mishkin (170)cites recentwork of Kimura and of Mirsky and Dorif showing that following left temporal lobectomy tachistoscopic recogni tion of letters is worse in the right visual field than in the left, and following righttemporal lobectomy worse in the left than the right visualfield. This disability was not relatedto the quadrantic field defect present in many cases. However, the defect resulting from left temporal lobectomy does not appear to be a mere mirror image of that resulting from right lobectomy. Mirsky and Dorff have data showing that in normal subjects tachistoscopic recog nition is less efficient in the left than in the right visual field. This conforms with the findings of other workers (259). Relating the recognition defects following temporal lobectomy to the normative data, it appears that the left-sided lesion gives a severe defect in the right field but only minimal impairment in the left, whereas the right-sided lesion results in impair ment of equal severity in both half fields. The patients with right temporal lobectomy, like the normals, perceive better in the right field than the left, but perception in both fields is depressed compared with the normal. It thus seems that the right temporal region, unlike the left, has some degree of bilateral control for this aspect of vision. Clearly the temporal lobes are not symmetrically organized for this function; but at the same time the asymmetry does not appear to be as extreme as that involved in language functions where one were not qualitatively the same. The bilateral defects from left hemisphere lesions were mostly finger agnosia and left right disorientation whereas the unilateral disturbances resulting from right hemisphere lesions were usually a tendency to neglect the left side of the body. In both types of defect however there was a tendency to misidentify a part of the body (â€oeasomatognosiaâ€•).
Unilateral apraxia, more frequently affecting the left than the right side and resulting from either a contralateral or ipsilateral lesion, has been described in a previous section. Some at least of these cases must be regarded as intel lectual disabilities with unilateral reference.
MAss EFFECTS BETWEEN THE HEMISPHERES
Lashley's principle of mass action applies to â€¢¿ the functional relationship between the two hemispheres only in so far as bilateral lesions have a simple additive effect on intellectual impairment. Small left or right lesions would be equivalent to each other and would together be equivalent to a larger unilateral lesion. The degree and nature of deficit would depend on the total amount of tissue damaged, but not on 329 which of the two hemispheres is damaged. It would be quite possible for the same two cerebral areas to show mass effects for one function but to show differential specialization for another function. Something of this kind is suggested by Lashley's observation that rats with striate ablations are worse at maze running than peripherally blinded rats (@o). Here the primary projection areas for vision must also be subserving some more general function.
The role of mass effects in interhemispheric integration might well be revealed by a com parison of the effects of unilateral and bilateral lesions, but such comparisons are beset by many difficulties. Firstly, since different cerebral areas within the same hemisphere are not necessarily equipotential, the bilateral lesions must be symmetrical. Secondly, there is no sure way of knowing in advance which cerebral areas are most likely to show mass effects. As already pointed out, the fact that two areas are not additively related for one function does not imply that they are not additively related for other functions. In some areas of the brain (notably in the region of the Sylvian fissure) it is obvious that left and right sided lesions have quite different effects on language functions. They may however have precisely the same effect on other functions. But which functions should one examine? Without a lead from clinical symptomatology or from previous experimental work this question is extremely difficult to answer.
A third difficulty is that, except where surgical lesions are involved, thereare potentselective factors determining the kind of focal bilateral cases which become available for study. With missile wounds, for example, bilateral inferior temporal cases are rare, because such wounds are usually fatal.
Bilateral surgical lesions are far more often made in the frontal lobes than elsewhere, yet there is little work on leucotomized patients which is relevant to the present question. This is partly because in psychiatrically disturbed patients who are relieved by leucotomy the effects on intellectual performance of change in symptomatology and direct organic deficit are confounded. However in the case cited by Hebb the tests given were mostly verbal in type, the hemi spherectomy was right sided and the lesion (glioma) for which the operation was done was acquired in adult life. What happens when the hemispherectomy involves the removal of a hemisphere which has been virtually non functional since infancy? Is there a sharp limit to the level of performance which may be attained on any intellectual task, seeing that â€oe¿ division of labourâ€• between the two hemi spheres for the acquisition of different intellec tual skills is no longer possible? The relevant cases are those undergoing hemispherectomy for infantile hemiplegia. Since in these patients the general tendency is for intellectual ability to improve after the operation (30, 125, 144) it is reasonable to suppose that the damaged hemisphere was contributing little to intellectual performance pre-operatively.
In brief, the evi dence is that post-operatively a minority of patients produce scores on intelligence tests that are within the average range, but the majority remain of borderline subnormal intelligence or lower. In the most extensive series so far reported McFie (125) shows that of 30 patients tested pre-and post-operatively, 6 had I.Q.s between 8o and 99, 10 had I.Q.s of 60â€"79, and 14 had I.Q.s unequivocally in the subnormal range. He points out however that only I3 of the patients were freefrom EEG abnormalities post-operatively (suggesting dysfunction of the unoperated hemisphere) and that of these i @, 
DOMINANCE EFFECTS
This section is concerned with hierarchical relationships between the hemispheres, relation ships where one area is functionally subordinate to the bilaterally corresponding area and where the subordinate area possesses no function not also possessed by the dominant area.
A thorough-going dominance theory would hold that the one hemisphere (e.g. the left) is more important than the other for all intellec tual abilities. Although, as is suggested in a later section, it must now be conceded that there are some intellectual activities for which the right hemisphere has special responsibility, there is nevertheless considerable evidence that for many of the abilities that have been put to the test, the left hemisphere is more important. The dominance of the left hemisphere for language functions in right-handed people is never seriously questioned, and the position has already been outlined. Ideational and ideo motor apraxia are also almost always the consequence of a lesion involving the left hemisphere. As mentioned earlier, the incidence of bilateral asomatognosia (usually left-right disorientation or finger agnosia) is perhaps seven times as great with left-sided lesions as with right-sided lesions (94).
There are then three main intellectual symptoms which most neurologists and research workers in the field would agree are frequently associated with damage to the left hemisphere and very rarely with right hemisphere patho logy (in right-handed people): dysphasia, bilateral apraxia of the type described by Liepmann (136) and bilateral asomatognosia. Other symptoms may be predominantly associ ated with one or the other hemisphere, but these three are close to being pathognomonic of left hemispheredysfunction. Specific domin ance effects which are less complete or less well agreed than this will be discussed in the next section, but it is appropriate to enquire at this stage whether or not one hemisphere carries more responsibility than the other for intellect generally. This question cannot be pushed too far since it is highly questionable whether the â€oe¿ intelligenceâ€• of brain-injured patients can legitimately be considered in the same unitary terms that it is convenient to apply to normals. However, insofar as modern intelligence tests sample a fairly wide range of abilities even in people with cerebral lesions, there is some profit in examining the effect of left and right sided cerebral lesions on intelligence testscores.
Studies which have been concerned with such an overall measure of intellectual ability have usually shown greater deficit associated with left hemisphere lesions than with right hemi sphere lesions. Morrow and Mark (i7@) com pared the performance on the Wechsler Scale of 22 brain-damaged patients verified at autopsywith that of 22 matched psychiatric controls. The brain-damaged cases scored lower than the controls and left hemisphere lesions produced greater deficit than right. Their comparison between left and right sided cases is however dubious, since there were very few cases with lesions restricted to the right hemi sphere, and left hemisphere cases were compared with bilateral cases.
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In a study which included 24 left hemisphere cases (gross dysphasics excluded) and 15 right hemisphere cases, Heilbrun (104) (148) based on a smaller number of patients. The results re viewed above thus provide a prima fade case for supposing that intellectual impairment, considered in general terms, is on the average greater with left than with right hemisphere lesions. These psychometric studies do not refute the possibility that the right hemisphere has special responsibility for some functions, but they suggest that the left hemisphere has prime responsibility for a wider range of function.
THE EFFECTS OF CEREBRAL LESIONS ON INTELLECTUAL FUNCTION QUALITATWE FUNCTIONAL DIFFERENCES BETWEEN THE HEMISPHERES
The term â€oe¿ qualitativeâ€• is used loosely and for convenience. In this article a â€oe¿ qualitativeâ€• difference in function is inferred mainly from â€oe¿ double dissociationâ€• of symptomatology, and this section considers instances of such differ ential specialization of the two hemispheres.
It should be noted that all that has so far been said concerning dominance does not pro vide evidence of qualitative functional differ ences between the hemispheres. The fact that dysphasia and ideomotor apraxia occur with left hemisphere lesions, but not usually (in right handed people) with right hemisphere lesions, merely means that the right hemisphere contri butes less than the left to the functions in question. This may be described as a quantita tive difference between the hemispheres. For a qualitative difference to be inferred it would be necessary to show in addition that other defects occur significantly more often in association with right than with left hemisphere lesions. We may thus immediately enquire whether there is any evidence for symptomatology that is specially associated with the right hemisphere.
Two examples of this have already been given under the heading of defects with unilateral reference. Neglect of the contralateral side of the body or of space appears to be more commonly associated with right than with left parietal lesions, although it must be remem bered that this point is still the subject of con troversy; and following right temporal lobec tomy tachistoscopic techniques reveal subtle perceptual deficits in both visual half fields, whereas following left temporal lobectomy the defect is largely confined to the contralateral half field.
The best known of the disabilities associated with right hemisphere dysfunction is that which has been variously described as constructional apraxia (i 22, 226) (48, 122, 198, 208) and some authors (48, 127, i 8@) (Ã §@, 149, 150, 194) ; others (150) have pointed out that the left and right hemi sphere symptoms have different associated defects. Whereas left hemisphere cases with constructional deficit frequently have associated left/right disorientation and failure on a sorting test, right hemisphere cases do not have these defects but tend instead to have unilateral neglect of space and failure on specifically spatial tests not involving manual performance. An important methodological point arises here. It has in effect been argued that right hemi sphere constructional failure may be on an agnosic basis, whilst left hemisphere failure on the same tests may result from apraxia. The attempt to decide this question eventually boils down to the study of associated defects (or of correlations between tests) since qualitative differences inperformance can readily be under stood in terms of associated defects if appropriate tests are chosen. However, if it is wished to argue thatthe associated defects are relevant to the nature of right hemisphere constructional apraxia, then it is necessary to show that these defects distinguish not only between right hemi sphere dyspraxics and left hemisphere dyspraxics but also between right hemisphere dyspraxics and right hemisphere non-dyspraxics. A similar criterion applies to defects supposed to be specially associated with left hemisphere con structional apraxia. Such defects should show a higher incidence among left hemisphere cases with constructional apraxia than among left hemisphere cases without this symptom.
Piercy and Smyth (@g@)used this method to examine whether right hemisphere construc tional dyspraxics were worse on a purely per ceptual test (Raven's Progressive Matrices) than corresponding left hemisphere cases. They found thatalthoughthe testdiscriminated between right hemisphere dyspraxics and right hemi sphere non-dyspraxics it also discriminated between left hemisphere dyspraxics and left hemisphere controls. Furthermore the construc tional apraxia was more severe among the right than among the left hemisphere cases. They concluded that degree of failure on the per ceptual test was related to severity of construc tional apraxia irrespective of the side of the lesion. difference on picture anomalies pre-operatively or post-operatively between 6 patients under going left temporal lobectomy and io under going right lobectomy. Shalman's study how ever appears to be subject to selective factors. Five left-handed patients were not included in the interhemispheric comparisons and were treated as a separate group. Although they scored lower than right-handedpatientson pictureanomaliesthe sideof thelesions isnot reportedin thesecases. Furthermore,left and right hemisphere cases were equated for pre operative Wechsler I.Q., and there is no assurance that this procedure did not result in the exclusionof the more disabled right hemisphere cases.
Mimer earlier reported that temporal lobe cases tended to be disabled on another test involving pictorial comprehension (picture arrangement) but did not claim an association between thisdefectand damage to one or the otherhemisphere(16i). test of picture interpretation, righthemisphere cases did worse than left hemisphere cases. He did not, however, find any difference between temporal cases (left and right sided cases con sidered together) and non-temporal cases @ Kimura has recently shown that patients undergoing temporal lobectomy are signifi cantlyworse at remembering unfamiliar visual material when the lesion is on the right than when it is on the left (120). Difficulty in remembering familiar visual material was not related to the side of the lobectomy. Kimura Suggests that familiar visual material is less vulnerable to a right temporal lesion because it is verbally identifiable. Landsdell also has shown an effect of unilateral temporal lobec tomy on visual perception (128).On a design preference test of artistic aptitude, men with right-sided lobectomies scored lower post operatively than pre-operatively, whilst men with left-sided lobectomies did not. In women, however, this effect was reversed. Those with left lobectomies, but not those with right lobectomies, scored lower post-operatively than pre-operatively.
The sex difference in cerebral organization suggested by this result is sur prising and calls for further research.
Support for the finding of verbal deficit following left temporal lobectomy comes from the studies of Meyer, Jones and Yates (i@7,
159, i6o). The verbal deficit in these studies
was on tests of verbal intelligence and verbal learning, although it is notable that Meyer also found significant post-operative decrement on the Wechsler performance scale (i 57). None of these three studiesshow any significant deficit among the right temporal cases on the tests administered. However, no tests of pic torial comprehensionwere reported.
A deficit on a test involving spatial per ception (Raven's Matrices) following right temporal lobectomy was reported in Shalman's study (217), but this was not confirmed by Meyer and his co-workers or by Milner (162). Milner'searlierstudy (i6x) did, however, from thepresence ofdamaged tissue rather than from the absence of normal structures. This does not mean that functional differences between different regions may not be demon strated with other than surgical lesions, but the inferences regarding normal function that can be drawn from the effects of lesions are more limited.
Although the work is too recent to be free â€¢¿ from controversy, there is a strong suggestion that,in some respects at least, the rightand left anterior temporal lobes have different functions. Left lobectomies result in difficulty indealing withcertain formsofverbalmaterial, and right lobectomies aremore likely toproduce defects in both the visual and auditory modali ties in dealing with a certain range of non-verbal material.
But although experimental work suggests that the right temporal lobe is not in all respects subordinate to the left, it is important not to lose sight of the fact that a left temporal lobectomy usually has more overall disabling effect than an equivalent rightlobectomy, and that this disability is not necessarily restricted to verbalmaterial in the ordinarysense. Thus Meyer found pronounced post-operative deteri oration on some non-verbal tests following left lobectomy, but no comparable defect following right lobectomy (@7).
As pointed out in the section on dominance effects, comparisonsof the effects of rightand left hemisphere lesions without regard to locus within the hemisphere tend to show rather more or rather more various intellectual impairment associated with lesions on the left. Some of these studies, however, provide evidence of greater impairmenton certain non-verbal tests among rightthan among left hemispherecases. This is apparent for learning of visual material in the studies of McFie and forblockdesigns in a studyby Costa and Vaughan (43) .Costa and Vaughan's report goes beyond a mere demonstration of differ ential impairment on tests with right and left hemisphere lesions. They also investigate differ ences between the two groups of patients in inter-test correlations.
The right hemisphere cases, as well as showing greater impairment than the lefts on some spatial tests, also showed higher correlations between these spatial tests. The authors concluded that, whilst the left hemisphere patients showed specific defects on individual tests, the right hemisphere patients performed consistently (and badly) on per ceptual tests. Although on a small scale (only 36 neurological patients were studied), this investigation represents a move in the direction of studying the nature of the deficits observed. As Teuber (229) has remarked, too many
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studies are content with localizing lesions giving rise to particular test deficits and stop short of analysing the alterations of function which the lowered test performance represents. However, there are likely to be severe limitations on the knowledge to be gained from comparing the effects of left and right hemisphere lesions irrespective of locus within the hemisphere.
Insofar as function varies within hemispheres, interhemispheric differ ences will be diluted and those symptoms which survive this amalgamation may be attributed to damage to the hemisphere in general when perhaps they should properly be attributed to damage within a small region of the hemisphere.
This objection also applies to correlation studies (such as Costa and Vaughan's) which aim at analysing the nature of the deficit. Associations between different defects may vary in their magnitude from one part of a hemisphereto another just as much as they do from left to right hemisphere, and it is easy to be misled into making unjustified generalizations about the nature of left and right hemisphere defects when no distinctions are made as to locus within a hemisphere.
We may now briefly summarize the principal ways in which human inter-hemispheric organi zation appears, on present evidence, to depart from the symmetrical animal model.
The most radical and the best known form of asymmetry is that where one hemisphere has nearly complete responsibility for a parti cular group of functions. This is inferred when (with the usual rare exceptions) a particular defect results solely from damage to a specified hemisphere.
Such functions are usually left hemisphere functions; or, more precisely, such left hemisphere functions are much less con troversial than such right hemisphere functions. Examples of defects suggesting extreme speciali zation in the left hemisphere are dysphasia and ideational apraxia. Examples suggesting com parable specialization in the right hemisphere are the effects of unilateral temporal lobectomy on tests of musical aptitude and on certain types of visual perception.
A second form of asymmetry is that where one Possibly related to this finding is the observation that left-sided, but not right-sided, unilateral apraxia may result from a lesion to either hemisphere(ioi).
In general, therefore, specialization for par ticular functions appears to occur in both hemispheres, but in the left hemisphere this specialization is more extreme and occurs for a wider range of functions. The most general distinction that can be made between left and right hemisphere functions is between verbal and non-verbal skills. This distinction, how ever, certainly does not apply absolutely, since some ostensibly non-verbal deficits (e.g. ideo motor apraxia) are uniquely associated with left hemisphere damage. Nor is the distinction a clear-cut one, since many supposed non-verbal Further evidence suggesting a special associa tion between the temporal lobes and memory functions comes from the effects of cerebral stimulation.
Penfield and his associates have reported various interpretative illusions re sulting from electrical stimulation of the temporal lobe in the conscious patient but not from stimulation elsewhere on the cortical surface (i86, 190) . Among these illusions are dÃ©jÃ vu, other forms of paramnesia and organized visual hallucinations which the patient describes as memories. The relevance of these data to the cerebral organization of memory functions cannot be doubted, but Penfleld's suggestion (187) that these evoked experiences amount to a play-back of the stream of consciousness cannot be accepted simply on the basis of the patient's conviction that memory was involved. Identifying paramnesia attaching to a visual hallucination is an equally plausible explanation.
Even less acceptable is the sug gestion that â€oe¿ the hippocampus of the two sides is the repository of ganglionic patterns that preserve the record of the stream of conscious nessâ€ • (192 
HEMISPHERES
Subhuman brains show marked intra hemispheric differences in function and some of these have been described. In animals these differences apply equally to the left and right hemispheres, but in man intrahemispheric differences are greatly complicated by the dramatic differences between the two hemi spheres. Statements regarding the functions of (for example) the different lobes of the brain â€¢¿ of man must usually be qualified according to whether the left or the right hemisphere is being described. Despite this complication, some broad generalizations may be made on the basis of work already reviewed.
It appears, for instance, that specific syn dromes of intellectual disability are, in general, more frequent and more severe with relatively posterior lesions. This certainly applies to what may loosely be called the apraxias and agnosias, and applies to right as well as to left hemisphere functions. Dysphasia also tends to be more extensive with posterior parieto-temporal lesions. These various focal defects are for the most part contingent on the lateralization of the lesion and the generalization regarding the comparative importance of posterior cortex applies more firmly to the left than to the right hemisphere since more syndromes are involved.
Temporal Lobes
The only clinically obvious syndrome of intellectual disability which can be confidently associated with injury to a particular brain region without distinction as to the side of the lesion is the hippocampal memory defect. Presentevidencesuggests thatforthisto occur the lesion must usually be bilateral. Even in this case, however, although there is no doubt that â€oe¿ memoriesâ€• engage very widely distributed populations of neurones.
In the previous section certain intellectual changes (difficulty with pictorial material, defects of auditory comprehension and verbal recall) were described which have been found to depend on the side of a temporal lesion. Al though these observations provide satisfactory evidence of laterality effects, the defects cannot be specifically associated with temporal lobe dysfunction unless there are comparable con trol data for patients with cerebral lesions else where. This criterion is partially met both in the case of Milner's work associating verbal recall deficit with left temporal damage (162), and in the case of Kimura's demonstration of differences in auditory perception between left and right temporal cases (ii 9). Both authors have also shown that patients with frontal lesions do not have comparable impairment. These defects therefore do not depend simply on the side of the lesions, but depend also on the locus ofthelesion withinthehemisphere, thetemporal lobe being much more important than the frontal lobe.
Pariâ‚¬tal Lobes
Clinically obvious parietal symptomatology has been dealt with in earlier sections. A further defect, although not a clinically obvious one, which appears to be specially associated with lesions of the parietal lobe of either side has been reported by Semmes, Weinstein, Ghent and Teuber (213) . Men with cerebral missile wounds were examined on tasks of following routes with the guidance of tactile and visual maps. Patients with parietal lesions, irrespective of the hemisphere involved, did worse on these tasks than any other lesion group. The results are of special interest since the defect was not specific in modality, in the sense that failure occurred irrespective of whether visual or tactile information was being utilized. It is such findings which have encouraged this group of workers to deny the existence of agnosia as a modality-specific defect. The authors were also able to show that the results could not be wholly explained in terms of loss of general intelligence or of sensory defect. The association of the [May orientation loss with somatosensory defect was even greater than with a parietal locus of lesion (248) , and the authors concluded that a common neural substrate was utilized for both somato sensory and route-finding functions.
The association between parietal damage of either side and route-finding difficulties may usefully be compared with clinical evidence. HÃ©caen's report (94) graphical disturbance in dealing with maps, plans and mazes. Twenty-nine of these had right hemisphere lesions, 8 had left hemisphere lesions and 3 had bilateral lesions. In this series disorientation on maps appears to have some but not an absolute relation to the side of the lesion. The American experimental study of route-finding difficulties in brain-injured men showed no such relationship. This discrepancy is unexplained but may correspond either to a difference in the nature of the task or to a difference between the effects of acute and chronic lesions.
Frontal Lobes
For many decades the frontal lobes had been regarded as the seat of the highest and most distinctively human intellectual capacities. This notion was fostered by a somewhat uncritical extension of the evolutionary principles which so profitably guided the speculations of Hughlings Jackson nearly a century ago. The frontal lobes being the most recently evolved cerebral structures were, at least until the Second World War, supposed by most writers on the subject to be at the peak of the intellectual hierarchy.
The intellectual function of the frontal lobes was variously described asâ€oe¿ synthesizing abilityâ€• and â€oe¿ biological intelligenceâ€• (8i). These formu lations have in common the assumption that the to be determined by a general factor, one or more group factors and a factor specific to the actual test.
The interpretation of the intercorrelations of normal performances may be assisted by a consideration of the ways in which intelligence breaks down. Indeed Lashley has suggested that the effects of cerebral dysfunction may well supplant factor analysis as a means of defining 
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Intellectual loss, unlike performance on these tests, appears to depend considerably on the site of the lesion and characteristically occurs in partial fashion when the lesion is focal.
In fact,clinical material provides little support for the suggestion that the mathematical general factor inferred from test intercorrelations corresponds to a function of the adult brain or that it is a unitary ability which enters into all intellectual performances. If â€oe¿ gâ€• is a functional reality, then either it must be the business of the brain as a whole, or it must be sustained by some special part or parts of the brain. But different parts of the brain are not equipotential for intelligence nor does anybody pretend to have identified the seat of general inteffigence.
There are at least two possible explanations for the tendency for all tests of ability to inter correlate positively. One possibility isthesuper ordinate general function mentionedabove and usually assumed by intelligence theorists. Another possibility is simply that there is a tendency for cerebral regions subserving differ ent intellectual functions to be proportionately developed in any one individual. According to this notion, people with good verbal ability will tend also to have good non-verbal ability, in much the same way as people with big hands tend to have big feet. The tendency to cor related development may well be, at least in part, genetically determined, but this does not imply a superordinate function; it is equally consistent with common causality. This is by no means a novel suggestion, and the point was 
Cerebral Lesions in Children and Adults
Further evidence regarding the nature of intelligence comes from a comparison of the effects of cerebral lesions on children and adults. In an early and cogently reasoned article, Hebb drew attention to the fact that brain injury in children resulted in a more diffuse impairment of intellect than was usual in brain-injured adults (89). In particular, he pointed out that, whereas in adults lesions out side the language areas had little effect on vocabulary, in infants similar lesions impaired the development of vocabulary as much as other â€oe¿ primaryâ€• abilities (132 From such evidence Hebb argued that a greater mass of cerebral tissue was necessary to develop a given intellectual ability than was needed to sustain that ability in later life. In this way a large lesion which spares certain crucial areas might have little effect on intelligence if it occurred in adult life, but might severely limit intellectual development if it occurred in infancy.
Hebb therefore made a distinction between the intellectual power necessary to develop intelligent skills and the intelligent skills them selves. The distinction is similar to that made (on the basis of normal studies) by Cattell (32) between â€oe¿ fluidâ€• and â€oe¿ crystallizedâ€• intelligence. Hebb's theory, but not Cattell's, claims greater mass action for the infant than for the adult brain.
Although the greater plasticity of the infant brain can now scarcely be doubted in the light of the hemispherectomy evidence (30, 125, 144) , there is reason to suppose that, even in the case of cerebral injuries which occur at birth, the resultant intellectual disability has some relation to the locus of the damage. Wedell (247) has shown that visual perceptual disability is more common in cerebral palsied children with left than with right hemiplegia, and Annett, Lee and Ounsted (@) have shown greater deficit on performance tests in birth-injured children with unilateral EEG foci ipsilateral to the preferred hand than in similarly injured children with foci contralateral to the preferred hand. Strauss and Lehtinen (224) also reported marked individual variation in the pattern of disability shown by children with brain injury dating from birth.
The Protective Effect of Learning
Closely related to this question of the cerebral focalization of intellectual function is the effect of the environment on intellectual development. There is now good reason to believe that the efficiency of the brain for new learning and problem-solving depends not only on heredity and maturation but also on the previous experi ence of the organism. Harlow (82) showed that in normal animals the speed with which a new discrimination problem is learned depends greatly on the extent of the animal's experience with other discrimination problems.
In an animal which has been exposed to a large number of discrimination problems one trial learning of a new discrimination commonly occurs. An animal which is thus freed from the gradual trial and error process which charac terizes the learning of naÃ¯veanimals is said to have acquired a â€oe¿ learning setâ€•.
Chow established learning sets for pattern discrimination in monkeys and then examined the effect of bilateral temporal lesions of a type which is usually sufficient to cause gross impair ment of pattern discrimination learning. He found that the abnormally rapid learning which characterizes the learning set was lost and not regained but the animals were, nevertheless, less impaired than naive operated monkeys would have been. In fact, they learned new pattern discriminations in about the same time that would have been required by completely naÃ¯ve but unoperated monkeys (36).
The protective effect of learning against cerebral injury is shown even more clearly when a single visual discrimination is pre-operatively overlearned by some hundreds of trials beyond the conventional criterion. Orbach and Fantz have shown that animals trained in this way retain the habit after bilateral temporal abla tions whilst animals merely trained to the con ventional criterion do not retain the habit post operatively and may either fail to re-acquire it or be greatly retarded in doing so (184).
This animal work on overlearning of single problems and on learning sets parallels the comparative immunity of human adult in telligence to certain extensive cerebral lesions. It appears to be the case for both man and monkey that certain forms of learning to some extent act as a shield against cerebral insult.
The Distinction Between Learning Sets and
Single Problem Learning However, it is important to distinguish between the learning or overlearning of a single problem and the development of a learning set, since different psychological and cerebral â€¢¿ mechanisms appear to be involved. The speed with which learning sets are acquired may be very different in species which differ very little in their ability to learn single problems Learning sets, however, do not seem to be similarly immune. Although a pre-operatively acquired learning set for visual discrimination may make the learning of a single discrimination easier after bilateral temporal ablation than it would have been without the learning set, the pre-operatively acquired capacity for very rapid learning of new problems (i.e. the learning set itself) is usuallylostand is likely to be re acquired with training either very slowly and incompletely or not at all (36, 155) .
It is therefore possible that learning sets are more focally organized in the brain than individual overlearned habits. A similar con clusion is suggested by the observation that when rats are reared in a comparatively free environment small occipital lesions are more damaging to maze learning than large frontal lesions, whereas when rats are reared in a restricted environment the converse is true This in creased experience is much more akin to the development of a learning set than to the over learning of a single habit. Indeed, the training involved in the establishment of a conventional learning set may be defined as exposure to a wide range of problems broadly similar in type. Such is the exploratory behaviour of a rat in a comparatively free environment.
Such too is the experience which leads to generalized conceptual learning and versatile skills such as language in humans. We know that some of these high level skills are rather focally organized intheadulthuman brain, and we alsoknow that the infantbrain is much more equipotential than the adult brain. By analogy with animal work we may speculate that this focalization is to some extent a con sequence of some of the more complex forms of learning. And these higher forms of learning to recall that in patients with a severe aphasia it is the overlearned verbal habits, such as automatic word series and conventional greet ings, which are most likely to be spared, whereas the more general and versatile aspects of verbal skill are more vulnerable to a focal lesion.
Constraints on Adult Mental Development
A consideration of the relationship between the acquisition of intellectual skills and their cerebral representation must take some account of the observation that certain forms of learning occur much more readily at certain stages of intellectual development.
Languages are much more readily acquired in middle childhood than in early adult life (192), although there is no question of the 8 year old being more intelligent than the i8 year old. There is more than a suspicion that people seeing for the first time in adult life have extraordinary difficulty in learning to perceive visually (215). In some animals a learned modification of an instinctive response tendency becomes â€oe¿ imprintedâ€• and irreversible so long as the instinctive tendency remains (138); and psychiatrists are familiar with the notion that fundamental emotional re-education is not easily achieved in adult life. It is not known how extensive these constraints on adult mental development are, hut it is fairly certain that there are some constraints and that â€oe¿ intellectual potentialâ€• cannot have the same meaning for an adult as for a child. Indeed, there is evidence that much of the plasticity of the infant's brain is lost within the first few years of life. McFie found the distribution of intellectual impairment in children sustaining brain injury after infancy to approximate to the adult pattern, with a similar, although less pronounced, relationship between site of lesion and type of impairment (145). Similarly, dysphasia rarely follows left hemi spherectomy if the right hemiplegia was sustained during the first year of life, but commonly follows left hemispherectomy if the cerebral lesion occurredafterthe first year of life (i@). Penfield and Roberts, studying the effects of more restricted lesions, obtained comparable results (192) . Analysis of their data shows that the incidence of dysphasia following left hemisphere surgery is 23 per cent. when the original lesion was acquired during the first two years of life and 73 per cent. when the lesion was acquired after the age of two.
Returning to the problem of the â€oe¿ general factorâ€• in inteffigence, itisnot extravagant to suggestthat the common cause for the cor related level of different intellectual abilities is to be sought as much in the individual's early development as in his present abilities. There may or may not be an important superordinate intellectual function which enters into all his This point of view is close to one advocated by Cattell (32): â€oe¿ Onlypart of the adult statistical general factor...
(is) . . . due to the operation of the â€˜¿ energy'or general fluid ability. The remainder of the intercorrelation is explained as a reflection of the high water mark in a variety of abilities left by the receding tide of fluid ability.â€• But Cattell, unlike Hebb, did not consider that the nature of this fluid ability changed with maturation.
The â€oe¿ high water markâ€• was reached at adolescence and after that time special acquired â€oe¿ discriminatory habitsâ€• sustained performance while â€oe¿ fluid abilityâ€• gradually receded. However, for Cattell, the adolescent's fluid ability was just as fluid and undifferentiated as a young child's, and also more abundant.
Hebb, too, concedes that adult performance on intelligence tests may be partly determined by undifferentiated intellectual power as well as by acquired conceptual skills (89, 91) . This possibility cannot be denied and it is difficult to see how the contrary could be directly proved. Nevertheless, if something like Cattell's crys 
